Avian migration
Migrating birds can travel thousands of kilometres and carry with them ectoparasites 
59
Though certain elements of avian migration can be predicted, it is perhaps 60 harder to quantify the risk that this presents in terms of movement of avian-61 associated parasites and the pathogens they may vector. The remainder of this 62 review presents work from selected studies that support potentially significant 63 movement of these organisms via migratory birds.
64
Birds as hosts for ectoparasites and associated pathogens 66 67 In domesticated settings, bird health and welfare is often threatened by parasitic 68 infection and associated pathogen spread. Susceptibility of commercially-reared fowl, 69 and especially egg-laying hens, to the poultry red mite, Dermanyssus gallinae, is 70 perhaps the best known example, with these mites reportedly serving as potential 71 vectors for a broad range of poultry pathogens (Sparagano et al., 2014) . The success 72 of D. gallinae as a parasite of poultry has been at least partially attributed to an 73 inability of hens to develop resistance to these mites (Sparagano et al., 2014) .
74
A similar host-parasite relationship seems to exist between wild birds and 75 their major ectoparasites. Heylen et al. (2010) , for example, investigated whether blue tits and great tits are able to acquire resistance after repeated infestation with the European robin, the great tit, the Eurasian blackbird and the Eurasian blackcap, 119 which accounted, respectively, for 22%, 21%, 12% and 9% of all birds examined.
120
The five species with the highest average tick burden were blackbirds, song 121 thrushes, robins, dunnock and winter wren. Excluding dunnock, these species hosted 122 more than 90% of the ticks in the local bird community. Interestingly, Norte et al. 123 (2012) noted that the importance of given bird species as hosts of larvae and nymphs 124 of I. ricinus and I. frontalis differed, supporting that different bird species may 125 contribute differently for tick population maintenance.
126
In many cases researchers have not only investigated bird-tick relationships, but also 127 assessed whether one, the other, or both carry pathogens of concern (Hildebrandt et 128 al,. 2010; Kartashov et al., 2014) . Selected work in this area, undertaken throughout 129 various regions in Europe, is summarised below.
130
The potential of ticks to travel long distances via migratory birds has been the subject were recorded as being transferred between regions by migrating birds in the 1960's 133 (Hoogstraal et al., 1961 (Hoogstraal et al., , 1963 , with such ticks associated with the transmission of (1%) France, which is a major rallying point for birds migrating from Eurasia and Africa.
347
Ixodes spp. ticks (five larvae and six nymphs) were collected from the Eurasian 
Conclusions
This review represents only a selection of the available literature, but highlights the 359 potential role that migrating birds can play in dispersion of ectoparasites and their 360 associated pathogens, supporting that transmission of both may be commonplace.
361
Though we have focused on ticks and tick-borne pathogens, it deserves note that 362 research also confirms movement of other ectoparasites on migratory birds.
363
A Slovakian study focusing on reed warblers and their nests, for example, found
364
Ceratophyllus garei (a flea) to be carrying a rickettsia that was a 99.7% match to R.
365
africae (Sekeyová et al., 2012 
